Mammalian cortical granules: contents, fate, and function.
Recent studies have extended our knowledge regarding the contents of mammalian cortical granules (CG) and their function in postfertilization events. Cytochemical staining has demonstrated the presence of carbohydrates within mammalian CG, and lectin-binding studies have shown that these carbohydrates include alpha-D-mannose, alpha-D-GalNAc, and galactose residues in the hamster, alpha-D-mannose in the mouse and cat, and beta-D-Gal(1,3)-D-GalNAc in the pig. Following fertilization and artificial activation, mannosylated material is released from CG and can be found on the oolemma and within the perivitelline space (PVS) of hamster oocytes. Fertilized or artificially activated rabbit, mouse, and human oocytes also release mannosylated, fucosylated and sialylated, and fucosylated material, respectively, which localizes to the oolemma. These glycosylated materials are probably of CG origin, although they have not been directly localized to the CG in rabbit, mice, and humans. The function(s) of the glycosylated material released from mammalian oocytes is not known, although it may participate in blocking polyspermy at the level of the plasma membrane, PVS, and/or zona pellucida (ZP), or it may facilitate preimplantation embryonic development. Proteinases, including tissue plasminogen activator, are also released from mammalian oocytes following fertilization and artificial activation, suggesting that they are of CG origin. These proteinases modify the ZP such that it is no longer receptive to sperm, and some proteinases have been suggested to bring about ZP hardening (an increased resistance to denaturing agents) by an unknown mechanism. Mouse ZP may also be hardened by an ovoperoxidase (cross-links tyrosine residues) cytochemically identified in mouse CG and CG exudate. The phenomena of ZP hardening in mammalian zygotes is not well understood but is likely to function in blocking polyspermic penetration of the ZP and/or in protecting embryos during preimplantation development. Recently, a 75 kD protein (p75) has been immunocytochemically localized to mouse CG and to the PVS of fertilized oocytes and two-cell embryos. The identity and function of p75 remains to be determined. Heparin binding placental protein may also be a CG component, since it is released from hamster oocytes following fertilization. It has not, however, been directly demonstrated to be a CG component, and its functions in fertilization and/or early embryonic development have yet to be defined.